The effect of atmospheric turbulence on the power fluctuations of large wind turbines is studied.
ABSTRACT
The effect of atmospheric turbulence on the power fluctuations of large wind turbines is studied. where :
V= _man Wind velocity C= correlation constant (2) This function is plotted in Figure 3 for C=6.
Taking the Fourier transform of this function with respect to _, we get a spectral description in terms of the wave number k = 2___(rads/m) we get therefore, for spatial correlation:
For a complet_ 3-dimensional simulation of the horizontal wind turbulence as a function of time and two spatial coordinates Y and Z in the plane of the rotor we use the composite spectral energy density function non-dimensionalized by mean wind velocity
Where k ,k are the wave numbers corresponding to the _epa_at_ lengths in the y and z directions respectively. _ and B are related to the correlation constant C.
(Note: C could be different for correlation in y and z directions).
Simulation of Wind Velocities
A very comprehensive method of simulating a multi-dimensional multivariate process is described by Shinozuka [21] . A random process is simulated by a series of cosine waves at almost evenly spaced frequencies and with amplitudes weighted according to the spectral energy at the wave frequency.
For the simple case of a random function of time with spectral energy function S(_) the process is simulated as:
where: _ = _u N = Upper cutoff frequency, above which u S(_) is practically zero. _j = jA_ + 6<_,aw is randomly small quantity <A_/2O is introduced to avoid a periodic repetition of the frequency wj 0 = Random phase angle 0<o<2_
Shinozuka has shown that with as low as 50 frequencies one can obtain a fairly good representation of the spectrum.
[ 
To obtain a good representation of the spectrum in the turbulent signal, the values of N ,N ,N_ should be large. After the simulation the turbulent wind data is stored as tabulated information.
The table consists of 512 time planes at I sec intervals. In each time plane the wind velocities are tabu--lated at grid points 1.5m(5ft) apart in both y and z directions and covering a total area of 98x98m(320 x320 ft) in the y-z plane.
(64 points in each direction)
Instead of generating the turbulent signal as a function of t,y,z by evaluating the triple series a table look up is done in the tabulated wind data with simple linear interpolation.
In the present work we evaluate the turbulent wind component at different radial stations on the wind turbine blade.
Interpolation has been restricted to between time planes only.
For turbulence at a particular spatial position we choose the value at the grid point closest to this position.
Details of the wind model and computational techniques are given in Ref. 30 .
An example of the accuracy of the simulation method is shown in Fig. 4 where a comparison between the Davenport Spectrum and a spectrum obtained by taking the Fourier Transform of a onedimensional turbulent signal generated using Eq. 5, shows excellent agreement.
AERODYNAMIC MODEL OF ROTOR
All of the theories available for analyzing propellers are applicable for analysis of windmill rotors [3, 4, 12, 13, 14] .
Based on the methods developed for propellers, the performance of windmills can be analysed [5, 6, 8, 9, 10, 11] . Specific ,method for analyzing the unsteady aerodynamics has also been developed [8, 9] . The study by Barlow [3, 4] presents 
In terms of the freestream turbulent wind components u',v' and w' the fluctuating power coefficient is shown to be (Ref. Fig. 6 .
As expected from our observation of the time signals the spectra are identical in shape.
Comparison of the Davenport spectrum of Fig.  3 with the spectrum of the wind turbulence Fig. 6 shows that the envelope of the peaks follows the Davenport spectrum. Although the simulated spectrum shows the correct shape, due to the finite length of the generated time signal the spectrum is not smooth at the low frequencies. (By three dimensional we mean the turbulent wind component as a function of time t, and spatial coordinates y and z in the planes of the rotor). ......... 
